The efficiency of compressing color-quantized images using general purpose lossless image coding methods depends on the degree of smoothness of the index images. A wellknown and very effective approach for increasing smoothness relies on palette reordering techniques. In this paper, we show that these reordering methods may leave some room for further improvements in the compression performance. More precisely, we provide experimental results showing that the P E G 2000 lossless compression of palette reordered color-quantized natural images can be further improved if histogram packing is applied on a regional basis.
INTRODUCTION
Due to transmission, storage or, most often, display restrictions, there is sometimes a need to keep the number of different colors of an image under a certain limit. In the case of computer-generated images, this limitation is generally imposed during image creation. However, natural images are frequently acquired with a high number of different colors and, therefore, require a color reduction step. To perform this step, known as "color quantization", a number of techniques have been proposed (see, for example, [I, 2,3, 4, 5, 61). Color quantization artifacts, such as color contouring, can he attenuated by the means of dithering techniques [7, 8, 9] .
Color-quantized images are usually represented by a matrix of indexes (to which we refer to as the "index image") and by a table of colors that establishes the correspondence between indexes and RGB triplets (the palette or color map).
In principle, the index images can he compressed by general purpose lossless image coding techniques, although attaining a coding efficiency that varies according to the particular mapping that is implemented by the color palette. In fact, the general purpose image coding techniques, such as PEG [ The palette reordering preprocessing techniques improve compression efficiency, sometimes dramatically. Nevertheless, we show in this paper that there is still some room for further improvement.
HISTOGRAM PACKING
Recent work [20, 211 has shown that histogram packing is capable of boosting the compression performance of standard lossless image coding techniques, such as PEG-LS or lossless PEG 2000. However, to be able to benefit from this technique an image has to possess a sparse histogram. This is a very common characteristic in gray-scale computer-generated or compound images, but is nonexistent in colorquantized images, at least from a global point of view.
In this paper, we show that histogram packing can also he successfully applied on a local basis, i.e., on regions of the image, even when the image has a globally dense histogram. Figure 1 illustrates this point, presenting the (dense) histogram of a color-quantized image and the (sparse) histogram of a 32 x 32 block of the same image.
Histogram packing is a preprocessing technique that can be obtained through the construction of an one-to-one orderpreserving mapping, h, from the index values, 1, into a contiguous subset of No: As we mentioned above, in this paper we exploit the idea of local histogram packing, which implies the partition of the image into a set of disjoint regions. The choice of a particular partition has implications on the overall performance of the method, i.e., on the final compression rate. However, it is clearly impractical to search for the hest partition among all possible partitions. In this work we rely on the simple case of fixed-shape fixed-size regions and, particularly, on 32 x 32 square regions. Figure 2 depicts how the proposed method works.
EXPERIMENTAL RESULTS
In this section we present experimental results based on the set of the 23 "kodak" color images'. These are 768 x 512 true color images frnm which we generated additional sets with resolutions 384 x 256 and 192 x 128. Color quantization was then applied, both with and without Floyd-Steinherg color dithering, creating images with 256, 128 and 64 colors. Image manipulations have been performed using version 1.2.3 of the "Gimp" program.' Table 1 shows P E G 2000 lossless compression3 results of the reordered index images4, with the use of local histogram packing ("Packing" column) and without it ("Normal" column). For reference, we also include compression results using the well-known GIF image file format'. Besides the size of the encoded index image, the (uncompressed) size of the color table and the overhead needed for storing the (uncompressed) lists of indexes are also accounted in the results shown in Table I .
Each row of Table 1 displays the average compression value, in bits per pixel, of a particular instance of the 23 "kodak" images. Therefore, this table incorporates results from a total of 4 14 different images. As can be observed, the local histogram packing provides improvements in all presented cases. It can also be noticed that the compression gain iocreases as the image size and the number of colors increase. Moreover, for the same size and number of colors, images with dithering have a trend to gain more with the proposed technique than color-quantized images without dithering. 
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CONCLUSIONS
Color palette reordering is a very effective approach for improving the compression of color-quantized images, even when sub-optimal solutions are considered, having the additional advantages of not implying overheads nor requiring a reverse post-processing phase. Notwithstanding, these methods leave some r w m for further improvements in the compression performance of the images.
In this paper, we provided experimental results showing that the JPEG 2000 lossless compression of color-quantized natural images can be further improved if histogram packing is applied on a regional basis. In the specific case presented here, we used 32 x 32 square regions. However, other shapes and sizes could he used. Moreover, the packing procedure was applied to all regions of all images in a "blind" manner. In a near future, we plan to study the effect of adding a decision mechanism with the aim of only triggering histogram packing when it is advantageous for the image region is question.
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